Objective: To examine reasons why rheumatoid arthritis patients discontinued subcutaneous (SQ) anti-tumor necrosis factor (anti-TNF) treatment in the past 12 months, so as to help inform successful, uninterrupted therapy. Methods: Data were collected in March and April 2011 using self-reported, internet-based questionnaires. Study inclusion criteria comprised: rheumatoid arthritis diagnosis; discontinuation of SQ anti-TNF medication (adalimumab, certolizumab, etanercept, or golimumab) within the past 12 months; aged 18 years; United States residency; and consent to participate. Patients reported primary and other reasons for discontinuation of their most recently discontinued anti-TNF. Results: Questionnaires from 250 patients were analyzed; 72.8% were female, 80.8% were white, and median age was 51 years. Patients had discontinued etanercept (n=109), adalimumab (n=98), certolizumab (n=24), or golimumab (n=19) within the past 12 months. When prompted about their primary reason for discontinuation, lack of effectiveness (40.8%) was cited most often, followed by injection experience (18.4%). Combining prompted primary and other reasons for discontinuation, 60.8% of patients reported lack of effectiveness, while 40.8% reported injection experience, which included: pain/burning/discomfort after injection (14.4%); pain/ burning/discomfort during injection (13.2%); injection reactions such as redness/swelling after injection (12.4%); dislike of self-injection (11.6%); dislike of frequency of injection (10.4%); and fear of injection/needles (6.8%). Conclusion: From the patient perspective, there are unmet needs with regard to the effectiveness and injection experience associated with SQ anti-TNF medications, which may lead to discontinuation. Treatment options with a better injection experience may address these needs. These results demonstrate the importance of including the patient perspective when making prescribing decisions or payer access and coverage decisions.
Introduction
Rheumatoid arthritis (RA) is a systemic, inflammatory condition that can affect multiple organs, 1 but which is primarily associated with the destruction and deformity of synovial joints. 2 The prevalence of RA is reported to be 0.5%-1% in developed countries, with twice as many women affected as men. 3 Patients with RA report severe discomfort, fatigue, physical disability, and a general deficit in their health-related quality of life relative to the general population. 4 In addition, many patients with RA eventually require surgeries such as hip and knee replacements. 3, 5 Traditionally, these outcomes were regarded as the extent of the disease. However, large population studies now recognize that patients with RA have a 1.5-to 1.6-fold higher mortality rate than unaffected individuals. 6 This risk of 
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Bolge et al mortality increases with the severity of clinical outcomes that are often used to measure this chronic, progressive disease, such as scores of physical functioning and levels of circulating rheumatoid factor. 6 Current therapy for RA includes anti-inflammatory drugs and disease-modifying antirheumatic drugs (DMARDs), the latter group comprising two classes: biologics and nonbiologics. Nonbiologic DMARDs include hydroxychloroquine, sulfasalazine, and methotrexate, the last of which is the current standard of care. Treatment guidelines advocate that those patients with an inadequate response to methotrexate be switched to biologic DMARDs. 7 Anti-tumor necrosis factors (anti-TNFs) are currently predominant among the biologics used in the management of disease, but other options include inhibitors of T-cell co-stimulation and CD20 inhibitors. 8 Prior to the introduction of biologics, remission from RA was thought to be rare and unpredictable. 9 However, therapy with anti-TNFs has demonstrated that remission is an achievable treatment target, 8, 9 and so the successful delivery of anti-TNF therapy is important to ensure that such a positive clinical outcome is achieved by the maximum number of patients. 5 For many chronic diseases, discontinuation of treatment is a substantial concern, 10 undermining the success of longterm therapy in conditions as diverse as coronary artery disease and osteoporosis and causing otherwise preventable morbidity and mortality. 11 Similarly, discontinuation from RA therapy is a substantial problem -it has been reported that 21%-35% of patients who are administered anti-TNF therapy discontinue within their first year of treatment. 12 In cases where patients discontinue anti-TNF for reasons other than effectiveness, patients may be exposed to otherwise preventable symptoms of pain and fatigue as well as irreversible joint damage. 13 Improved understanding of the reasons behind discontinuation will help to inform strategies that improve persistence and, in turn, clinical outcomes. To date, studies have highlighted poor tolerability, inadequate effectiveness, 14 and out-of-pocket costs 15 as common reasons for discontinuation. As head-to-head trials differentiating the efficacy of anti-TNFs from one another are lacking, therapy selection on this basis is not a forthright decision when initiating treatment. However, anti-TNFs are clearly differentiated from one another by other factors, such as route of administration (intravenous infusion or subcutaneous [SQ] injection), frequency of dosing, and cost, which may affect persistence. 15, 16 Among SQ therapies, patient injection experience may also be significant and is an attribute that may have lacked comprehensive scrutiny to date. 17 The aforementioned factors may serve as a more practical basis on which to select therapy. The current study explores which of these attributes contribute to the discontinuation of SQ anti-TNF treatment (specifically of adalimumab, certolizumab, etanercept, and golimumab) from the patient's perspective. A patient-reported approach was taken since the decision to discontinue treatment may be a very personal one. Moreover, there may be significant disconnect between patient and physician perceptions surrounding this decision, as has been reported for other aspects of RA management, such as patient versus physician priorities for symptom improvement 18 and assessment of disease severity. 16 As such, there may be unique value in determining the patient perspective. With these data, this study aims to provide information that may help guide the development of treatment strategies that improve persistence.
Patients and methods study design
This study used a quantitative, cross-sectional, selfadministered, internet-based survey to examine patients' reasons for discontinuing SQ anti-TNF therapy. The study protocol and survey design were reviewed and approved by the Essex Institutional Review Board (Lebanon, NJ, USA).
study population
Patients self-reporting experience with RA were identified from four databases: the 2008, 2009, and 2010 National Health and Wellness Surveys, and the Lightspeed Research Ailment Panel. Patients were also recruited over the telephone by the market research company, Inviting Ideas. A total of 6,261 potential participants were identified. Patients from the National Health and Wellness Surveys and Lightspeed Research Ailment Panel were emailed invitations to participate and were screened for inclusion criteria and consent at the beginning of the online survey. For patients recruited over the telephone, an interviewer first asked for consent and then screened patients for inclusion criteria before directing them to the online questionnaire for completion. Inclusion criteria ensured that patients: were diagnosed with RA by a health care provider; had discontinued use of an SQ anti-TNF medication in the past 12 months (specifically adalimumab, certolizumab, etanercept, or golimumab); were aged 18 years; were US residents; and could read and write English. A total of 250 patients met the inclusion criteria for the study (Figure 1 
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Data collection
The patient survey took approximately 15 minutes to complete. Demographic variables such as age, sex, ethnicity, employment status, and education level were captured. Patients were asked background questions concerning their disease and historical treatment, such as length of time since diagnosis and RA treatments previously used. With respect to discontinuation, participants were asked which treatment they had discontinued, length of time on therapy prior to discontinuation, and length of time since discontinuing.
Patients were asked why they discontinued their most recently administered SQ anti-TNF treatment in two sections. In the first section, patients were asked two unprompted questions, for which they had to type a response. These questions were: "What is the ONE main reason you stopped taking [the discontinued SQ anti-TNF]?" and "What other reasons, if any, caused you to stop taking [the discontinued SQ anti-TNF]?". In the second section, patients were prompted with a list of reasons from which to choose an answer to the questions "Which of the following best categorizes the main reason you stopped taking [the discontinued SQ anti-TNF]?" (for which patients could only select one answer) and "Which of the following best categorizes any secondary reasons you stopped taking 
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[the discontinued SQ anti-TNF]?" (for which patients could select as many reasons as they felt appropriate). The prompted section was added to detect whether specific issues, such as "injection experience", were lost within broader categories such as "safety" and "tolerability" within the unprompted section of the questionnaire. For purposes of analysis, unprompted/prompted responses were grouped into categories, as indicated in Table 1 . For secondary reasons, each patient could contribute a maximum of once to each category outlined in Table 1 . For example, if a patient selected all three safety-related reasons as secondary causes for discontinuation, this only counted once toward the tally for the overall category of safety.
In a final section, the questionnaire explored if participants experienced injection issues regardless of whether they had been identified as a factor in their discontinuation at an earlier stage of the survey. All patients were asked whether they experienced pain/burning/discomfort during or after injection and also whether they experienced injection reactions (redness/swelling). Those patients who had experienced any of these issues were asked to rate their symptoms on a scale of ascending severity from 1-5. Participants were then asked whether their symptoms provoked them to contact their doctor and whether they did so immediately, at their next appointment, or not at all.
Data analysis
Descriptive and summary statistics were generated for patient demographic variables and for discontinuation data. In the final analysis, all patients who reported a negative injection experience were stratified into five categories: patients who cited injection experience as a primary reason for discontinuing treatment; those who cited it as a secondary reason for discontinuing treatment; those who cited it as either a secondary or primary reason; those who cited they experienced injection issues, but did not perceive this as a factor when discontinuing therapy; and an overall category that summarized all patients who experienced injection issues, regardless of that experience being perceived as a cause for discontinuation of therapy or not.
Results

Patient sample
The majority of the 250 RA patients in the sample were female (72.8%, n=182), as expected from prior prevalence data, 3 and were predominantly white (80.8%, n=202) ( Table 2 ). The mean (median) age of patients was 51 (51) years. The mean (median) number of years since initial diagnosis of RA was 11 (7). Table 3 summarizes the discontinuation characteristics of the sample population. Participants used anti-TNF therapy for a mean (median) of 2.51 (1.25) years prior to discontinuation, and the median time elapsed between discontinuation and patients' participation in this study was 6 months.
Discontinuation characteristics
reasons for discontinuation Unprompted reasons
Lack of effectiveness was the most frequently reported primary, unprompted reason for discontinuing treatment (40%, n=101), followed by concerns about safety/tolerability (32%, n=80) ( Figure 2 ). A substantial portion of patients reported no secondary reason for discontinuation (35%, n=87), although lack of effectiveness and safety/tolerability also rated highly (20% [n=49] and 18% [n=46], respectively). Table 4 outlines how each of the individual reasons reported were categorized into these broader categories, and the relative frequency with which each was cited by patients. 
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Prompted reasons
Lack of effectiveness remained the most common primary reason for discontinuation when patients were prompted with the list of predefined, potential contributory factors (41%, n=102) ( Figure 2 ). The relative frequency with which safety was cited as a primary reason for discontinuation (12%, n=29) was reduced compared to when patients were left unprompted; the second most frequently reported reason under prompted conditions was patient injection experience (18%, n=46). The most commonly reported, prompted secondary reason for discontinuation was injection experience (34%, n=85), followed by lack of effectiveness (28%, n=69). This contrasted with patients' unprompted answers, in which it was more common for patients to cite no secondary reason for discontinuation. Table 4 outlines the main discontinuation categories and the frequency with which each individual reason was cited by participants.
Overall, the median length of time that patients reported had passed from the first occurrence of their primary reason for discontinuation to their actual time of discontinuation was 3.85 months, while the mean (standard deviation) was 10.16 (19.31) months.
injection experience
Overall, 41% (n=102) of patients reported the injection experience as either a primary or secondary reason for discontinuation. When asked directly whether they had experienced injection issues, 74% (n=186) of the study population 
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Bolge et al reported that they had, regardless of whether they considered this a factor in their eventual discontinuation. These issues were categorized as pain/burning/discomfort during injection; as pain/burning/discomfort after injection; or as an injection reaction. Table 5 outlines the patient-reported severity of these symptoms, stratifying these data according to whether the issue was regarded as a cause for discontinuation or not. These data indicated that there may be a trend for more severe symptoms to be regarded as a more prominent reason for discontinuation. Patient responses also indicated that there may be a relationship between regarding injection issues as a primary/secondary cause for discontinuation and being provoked to discuss these issues with a physician (Table 5) . Nevertheless, a substantial portion of patients reported never consulting a physician about their injection issues (ranging from 14% [n=4] to 27% [n=38], depending on the role of the reason in the decision to discontinue).
Discussion
Chronic disease management is undermined by widespread treatment discontinuation. 10, 11 Persistence with SQ anti-TNF therapy for RA is associated with improved clinical outcomes, 13 but long-term therapy is nevertheless beset by problems with discontinuation.
14 Indeed, many patients with RA discontinue within their first year on SQ anti-TNF therapy; 12 in the current study population, the median time reported between initiation and discontinuation was 1.25 years.
As reported in a previous study examining the reasons for discontinuing anti-TNF therapy, 14 patients frequently perceived lack of effectiveness as a reason for discontinuing treatment. This is interesting, as relatively few patients in the current study reported that their symptoms worsened while on therapy (12%), whereas 44% of patients reported stable symptoms and 43% reported improved symptoms. However, at the time of discontinuation, only 38% of patients reported using a nonbiologic DMARD. Concomitant use of nonbiologic DMARDs, especially methotrexate, with anti-TNF therapy has demonstrated greater efficacy in clinical trials than anti-TNF therapy alone.
19-21 Of note, golimumab is indicated only for use with methotrexate and not as a monotherapy. 22 In the unprompted responses, concerns about safety/tolerability were the second most frequently reported class of reason for discontinuation. This may be surprising, 
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Discontinuation of subcutaneous anti-TnF in rheumatoid arthritis as, in clinical trials, SQ anti-TNFs are generally thought to be well tolerated and to share good benefit-to-risk profiles. 23 However, as the current study involved only those patients who had discontinued, it may be biased toward those who have experienced safety/tolerability problems; thus, a high prevalence of such concerns in this patient population may not be an unexpected finding. When patients were prompted with a choice of predefined reasons for discontinuation, concerns about the injection experience replaced safety issues as the second most common answer (18% of patients reported injection problems when prompted, compared with 8.4% when patients were not). This may suggest that patients automatically categorized their problems with the injection experience as a more serious safety concern and that, from the patient perspective, injection issues may be a more important determinant of discontinuation than has previously been appreciated. 17 Interestingly, in a study of risk trade-offs, Fraenkel et al reported that patients would prefer a treatment with an unknown longterm safety profile and no adverse short-term effects over a treatment with a confirmed, persistent, short-term side effect such as chronic injection reaction -even if this problem was easily reversed. 24 Secondary reasons for discontinuing therapy, for which patients could list multiple factors, displayed a different trend. Unprompted, 35% of patients cited no secondary 
Notes:
a some participants gave unprompted responses that covered more than one category for their primary reason (n=297), hence percentages do not sum to 100%. however, prompted primary reasons were mutually exclusive and do sum to 100%. Patients could select multiple secondary reasons for both sections.
b The percentage of patients citing the reason as either a primary or secondary cause of discontinuation, which were mutually exclusive in the prompted section. Note: each injection experience was reported by patients in multiple ways to ensure full capture of the experience: 1) as the main reason for discontinuing in either the prompted or unprompted sections; 2) as another reason for discontinuing in either the prompted or unprompted sections; 3) as either the main reason or another reason for discontinuing in either the prompted or unprompted sections; 4) as experienced when previously using the discontinued medication outside the context of a reason for discontinuation; 5) as a combination of all of the above categories. Abbreviation: P/B/D, pain/burning/discomfort.
reason for discontinuation. However, when prompted with categories from which to choose, 34% of patients cited the injection experience as a factor in their discontinuation. This contrasts with the unprompted section, in which only 8% of patients reported concerns with the injection experience. This difference suggests that patients may lack the terminology to express, independently, certain influential aspects of their therapeutic experience. However, when these topics are broached, then they may be considered a substantial concern to patients. This highlights the importance of comprehensive patient-physician discourse during the initiation and maintenance of therapy that establishes common terminology and treatment priorities for both patients and physicians. Indeed, other articles report how these attributes of RA management can be lacking, 16, 18 and deficits in communication may have an impact upon long-term persistence if patients' concerns are inadequately addressed. 25 Overall, 74% of patients who discontinued an SQ anti-TNF therapy experienced some kind of injection issue. A recent Wall Street Journal article reported that the most commonly reported adverse events to the US Food and Drug Administration across all available prescription medications for all conditions between January 2004 and November 2011 were related to injection site pain with adalimumab (75,049 reported events) and etanercept (83,750 reported events). 26 It is likely that the real incidence of injection site pain is higher since there are likely patients who are not reporting their experiences.
Results of this study show that a majority of patients chose to discuss their injection issue with their physician.
However, 14%-18% of those patients who regarded injection problems as their primary reason for discontinuation did not engage in a discussion with their doctor as a result. Again, these findings highlight the importance of establishing a productive, considered patient-physician discourse, as some of these patients' issues may have been resolved after consultation. Indeed, underreporting of this nature may be one reason why the importance of the injection experience has been underemphasized in the literature to date, despite such issues being found to be widely prevalent upon targeted examination. 17 There are many factors which may further influence patient injection experience based on the unique attributes of individual SQ anti-TNF therapy for the treatment of moderately to severely active RA. SQ anti-TNF agents vary in frequency of dosing, with weekly dosing for etanercept, 2-weekly or weekly dosing for adalimumab, 4-weekly or 2-weekly dosing for certolizumab, and monthly dosing for golimumab. Agents may be delivered in a number of ways, including as reconstituted solutions in vials drawn and injected by health care providers for certolizumab and etanercept, single-use prefilled syringes available for selfadministration for all agents, a pen device for adalimumab, and autoinjector devices for etanercept and golimumab. The pH of solutions being injected also vary by agent and delivery system, ranging from pH of approximately 4.7 for the prefilled syringe of certolizumab to 7.4 for the multiuse vial of etanercept. of device including the associated needle size, and pH of the solution being injected should be considered in future research of patient experience and persistence with SQ anti-TNF therapy. According to American College of Rheumatology guidelines, use of nonbiologic and biologic DMARDs should be for the purpose of targeting remission or low disease activity, though there are no recommendations for changes in treatment regimens if remission is achieved. 7 Of patients discontinuing SQ anti-TNF therapy in the past year, 10% reported that remission was a reason for discontinuation, though only 3% reported remission as the primary reason without being prompted and 7% reported remission as a primary reason when prompted. Studies of therapy discontinuation after remission have generally found that biologics may be withdrawn successfully from some patients who experience remission after intensive treatment with methotrexate and anti-TNF agents. However, these patients should be monitored and biologics reinitiated if remission is not sustained. When this occurs, there does not appear to be any negative consequences from the "drug holiday". 27 As this is a crosssectional study, it is not possible to know if patients who discontinued because of remission will eventually reinitiate biologic therapy in the future.
Studies have shown that out-of-pocket payments for RA therapy have a negative impact upon persistence. It has also been suggested that, in the long-term, out-of-pocket payments increase the overall health care costs resulting from RA due to the worsened clinical outcomes associated with the discontinuation they may provoke. 15 This study may contribute to this evidence, suggesting that patients' cost concerns form part of the decision to discontinue -approximately one-tenth of patients spontaneously cited cost issues as either a primary or secondary factor contributing to the cessation of their treatment. When prompted, a greater proportion of patients (21%) reported cost as a secondary reason, indicating that concerns with cost are relatively prevalent, if not foremost, among patients' concerns. This may be compared to a hierarchy of patient-perspective treatment preferences proposed in the risk trade-off study by Fraenkel et al in which determinants such as route of administration, safety, and cost concerns were evaluated. 24 As 55% of patients who discontinued SQ anti-TNF reported that they initiated the decision to discontinue, either through initiating discussions with their physician or making the decision on their own without consulting their physician, there may be much value in the patient-reported data this study reports. Indeed, prior studies note there can be substantial discord between patients' and physicians' perspectives elsewhere in the management of RA, such as in treatment priorities 18 and in perceptions of disease severity, 16 or even in the injection experience. 17 However, it should be noted that the sample used in this study may not fully represent the natural population of patients with RA. For instance, patients in this study generally had a higher socioeconomic status, according to average income and education, than the general population. Biases in the sample also may have been introduced by the study design, which recruited some patients over the telephone and required all patients to have access to an internet-based questionnaire. Those patients recruited by telephone were more likely to be employed and to live in the US Northeast versus the Midwest or South. They were also less likely to use other DMARDs, more likely to rate their severity at discontinuation as moderate, and were diagnosed with RA for a shorter period of time.
This study was designed to identify patients with RA who discontinued an SQ anti-TNF therapy in the past 12 months and to explore the patients' reasons for the discontinuation in a cross-sectional manner. Due to the study design, it is not possible to assess the proportion of patients with poor injection experience who discontinue versus those who simply tolerate the experience and continue treatment. Future research should consider longitudinal study designs, which would add clarity to this question. Additionally, as a median of 6 months passed between patients' time of discontinuation and their participation in this study, the accuracy of patients' recall may also limit the reliability of these data. Indeed, formal medical records were not used to corroborate survey results; therefore, RA diagnosis and treatment discontinuation characteristics cannot be confirmed. Comparison between patients' accounts and medical records would test the reliability of the study's findings, as well as perhaps enable further analysis of the degree of discord that exists in the patient-physician discourse. The study design also precluded the use of statistical tests to compare prompted and unprompted sections of the questionnaire, as patients' responses in each section could not be accurately sorted to identical sets of categories. This study's findings have highlighted that there is substantial unmet need in current therapy. Although multiple SQ anti-TNFs are available, a population of patients perceive them to be ineffective and discontinue therapy, potentially resulting in suboptimal outcomes. Moreover, patients have safety concerns that appear to extend to, and that may be conflated with, aspects of the injection experience -including perceptions of injection pain, frequency of administration, and fear of needles.
Choice of optimal SQ anti-TNF therapy may not be obvious from a perspective of effectiveness, as head-to-head trials that differentiate these agents are lacking. In terms of safety, clinical trials reviewing the relative safety of different SQ anti-TNF therapies are also inconclusive, other than to note that these drugs generally have good risk-benefit profiles. Prior research has recommended that the choice of SQ anti-TNF should be based on clinical experience, convenience, patient preference, route of administration, and cost. 19 The present study highlights that a neglected aspect of therapy that may have a substantial impact on discontinuation is the patient injection experience, including: pain, burning, and discomfort during or after injection; injection reactions; frequency of injections; and dislike or fear of self-injection. Anti-TNF medications with improved attributes related to the injection experience may benefit patients by maximizing persistency.
